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ABSTRACT 

T h e  e f f e c t  o f  t h e  s u s p e n d i n g  a g e n t s  s o d i u m  c a r b o x y -  

r n e t h y l c e l l u l o s e ,  b e n t o n i t e  a n d  a g a r  o n  t h e  b i o a v a i l a b i l i t y  

o f  e r y t h r o m y c i n  e t h y l s u c c i n a t e  m i x t u r e s  h a s  b e e n  s t u d i e d  

i n  t w e l v e  h e a l t h y  v o l u n t e e r s .  B e n t o n i t e  a n d  a g a r  r e d u c e d  

t h e  a b s o r p t i o n  w h e r e a s  s o d i u m  c a r b o x y m e t h y l c e l l u l o s e  

seemed t o  i m p r o v e  i t .  D r u g - a d d i t i v e  i n t e r a c t i o n  c o u l d  

a c c o u n t  f o r  t h e  o b s e r v a t i o n s  a n d  p o s s i b l e  m e c h a n i s m s  

a r e  d i s c u s s e d .  

INTRODUCTION 

O r a l  a q u e o u s  s u s p e n s i o n s  ( m i x t u r e s )  f o r m  a n  i m p o r -  

t a n t  c l a s s  o f  p h a r m a c e u t i c a l  d o s a g e  f o r m s  e s p e c i a l l y  i n  

2 6 1  
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262 KAHELA, HURMERINTA, AND ELFVTNG 

p e d i a t r i c s .  B e c a u s e  a l l  s u c h  s y s t e m s  s e p a r a t e  on s t a n d i n g  

t h e  m i x t u r e  must be e a s i l y  r e s u s p e n d a b l e  a n d  r ema in  

s u f f i c i e n t l y  homogenous f o r  a t  l e a s t  t h e  p e r i o d  o f  t i m e  

n e c e s s a r y  t o  remove and  a d m i n i s t e r  t h e  r e q u i r e d  d o s e .  

The c o n s i s t e n c y  o f  s u s p e n s i o n s  i s  u s u a l l y  accom- 

p l i s h e d  by i n c o r p o r a t i o n  of  s u s p e n d i n g  a g e n t s ,  e . g . ,  

h y d r o p h i l i c  p o l y m e r s  s u c h  a s  sod ium c a r b o x y m e t h y l c e l l u l o s e  

o r  c e r t a i n  w a t e r - i n s o l u b l e  h y d r o p h i l i c  m a t e r i a l s  s u c h  a s  

b e n t o n i t e  o r  c o l l o i d a l  s i l i c a .  I n  many c a s e s  t h e  a d j u v a n t s  

a r e  c o m p a t i b l e  w i t h  t he  a c t i v e  i n g r e d i e n t  b u t  o n e  must 

a l w a y s  be on g u a r d  a g a i n s t  p o s s i b l e  d r u g - a d d i t i v e  i n t e r -  

a c t i o n  which  may, among o t h e r  u n d e s i r a b l e  c o n s e q u e n c e s ,  

l e a d  t o  p o o r  b i o a v a i l a b i l i t y  o f  t h e  p r o d u c t .  

When f o r m u l a t i n g  a n t i b i o t i c - c o n t a i n i g  s u s p e n s i o n s  

f o r  p e d i a , t r i c  u s e  t h i s  a s p e c t  i s  n a t u r a l l y  v e r y  i m p o r t a n t ,  

e . g . ,  r i f a m p i c i n  a c t i v i t y  i s  r e d u c e d  by b e n t o n i t e  ( 1 )  and 

neomycin  i s  a d s o r b e d  by t h i s  and  o t h e r  c l a y s  ( 2 , 3 ) .  

The o b j e c t i v e  o f  t h e  p r e s e n t  s t u d i e s  was t o  e v a l u a t e  

t h e  i n f l u e n c e  o f  c e r t a i n  s u s p e n d i n g  a g e n t s :  sod ium c a r b o x y -  

m e t h y l c e l l u l o s e  ( C M C ) ,  b e n t o n i t e  and  a g a r  on t h e  r e l a t i v e  

b i o a v a i l a b i l i t y  o f  e r y t h r o m y c i n  e t h y l s u c c i n a t e  m i x t u r e s .  

The q u e s t i o n  a r o s e  a s  a c o n s e q u e n c e  o f  o b s e r v a t i o n s  d u r i n g  

t h e  p r o d u c t  d e v e l o p m e n t .  
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EFFECT OF SUSPENDING AGENTS 263 

E X P E R I ME tt T A L 

M a t e r i a l s  

E r y t h r o m y c i n  e t h y l s u c c i n a t e  ( L o t  E-ES/095, A r c h i f a r ,  

T r e n t o ,  I t a l y ) ,  t h e  s u s p e n d i n g  a g e n t s  - C M C  ( 7 M F ,  H e r c u l e s  

N . V . ,  W i l m i n g t o n ,  D e l a w a r e ,  U S A ) ,  b e n t o n i t e  (Veegum, p h a r m . ,  

R . T .  V a n d e r b i l t  Co, New Y o r k ,  N Y ,  USA) and  a g a r  ( P h .  Nord. 

q u a l i t y ,  K n u t  Henberg ,  H e l s i n k i ,  F i n l a n d ) ,  and s o r b i t o l  

( B . P .  q u a l i t y ,  Suomen S o k e r i ,  Ko tka ,  F i n l a n d )  were  a l l  

commerc ia l  p r o d u c t s .  Water  was d o u b l e  d i s t i l l e d  and s t e r i l -  

i z e d .  O t h e r  c h e m i c a l s  were  o f  a n a l y t i c a l  g r a d e  ( E .  Merck,  

D a r m s t a d t ,  B D R ) .  

Sample p r e p a r a t i o n  

Al l  p r e p a r a t i o n s  c o n t a i n e d  4 .91  w / v %  of  e r y t h r o m y c i n  

e t h y l s u c c i n a t e  ( c o r r e s p o n d i n g  t o  4 . 0  w / v %  o f  e r y t h r o m y c i n ) ,  

45 w / v %  o f  s o r b i t o l  and 2 w / v %  of  sodium c i t r a t e .  The pH o f  

t h e  m i x t u r e s  was a b o u t  8 . 3 .  The c o n c e n t r a t i o n s  o f  t h e  s u s p e n -  

d i n g  a g e n t s  v a r i e d  a s  f o l l o w s :  C M C  1 . 0  w / v % ,  b e n t o n i t e  1 . 0  

w / v %  and a g a r  0 . 3 5  w / v % .  The r h e o l o g i c a l  b e h a v i o u r  of  d i f f e r -  

e n t  m i x t u r e s  was v e r y  s i m i l a r  when d e t e r m i n e d  by a r o t a t i n g  

v i s c o m e t e r  ( R o t o v i s k o  R U  3 ,  G e b r u d e r  Haake ,  K a r l s r u h e  u n d  

B e r l i n ,  B D R )  and  thus  t h e  p o s s i b l e  i n f l u e n c e  o f  d i f f e r e n t  

v i s c o s i t i e s  c o u l d  be a v o i d e d .  

B e n t o n i t e  and C M C  m i x t u r e s  were  p r e p a r e d  by s l u r r y i n g  

t h e  a d d i t i v e s  w i t h  s o l u t i o n  c o n t a i n i n g  s o r b i t o l  and sodium 
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264 KAHELA, HURMERINTA, AND ELFVING 

c i t r a t e  and a l lowing  t h e  m i x t u r e s  t o  s t a n d  f o r  2 4  h o u r s .  

T h e r e a f t e r  e ry th romyc in  e t h y l s u c c i n a t e  was d i s p e r s e d  i n t o  

t h e  m i x t u r e .  F i n a l l y ,  t h e  f o r m u l a t i o n  was shaken f o r  

4 hours  ( t y p e  V T ,  Erweka G m b H ,  F r a n k f u r t  am Main, B D R ) .  

Agar  was d i s s o l v e d  in  t h e  b e f o r e  mentioned s o l u t i o n  by 

warming u n t i l  i t  was c l e a r .  A f t e r  2 4  hours  s t a n d i n g  t h e  

suspens ion  was p repa red  s i m i l a r l y  t o  t h e  o t h e r s .  

The c o n t r o l  m i x t u r e ,  c a l l e d  aqueous s u s p e n s i o n ,  

was made w i t h o u t  a n y  suspending  a g e n t .  

- T r i a l  c o n d i t i o n s  

Twelve normal ,  h e a l t h y  s u b j e c t s ,  e l e v e n  f ema les  

and one male ages  18 t o  43 y e a r s  a n d  weighing from 53 

t o  90 kg  p a r t i c i p a t e d  in  t h e  s t u d y .  They h a d  t a k e n  no 

med ica t ion  i n ,  a t  l e a s t ,  t h e  p r e v i o u s  7 d a y s .  

The f o r m u l a t i o n s  were a d m i n i s t e r e d  wi th  abou t  

100 ml o f  t a p  wa te r  a f t e r  an o v e r n i g h t  f a s t .  No food 

o r  l i q u i d s  were t a k e n  du r ing  t h e  f i r s t  t w o  hours  f o l -  

lowing a d m i n i s t r a t i o n .  

The dose  cor responded t o  400  mg of e ry th romyc in .  

Blood samples  were withdrawn i n t o  s t e r i l i z e d  t u b e s  

b e f o r e  drug a d m i n i s t r a t i o n  a n d  a t  0 . 5 ,  1 ,  2 a n d  4 hours  

a f t e r  t h e  d o s e .  T h e  samples  were c e n t r i f u g e d ,  t h e  plasma 

s e p a r a t e d ,  s t o r e d  a t  + 4  C a n d  s q a l y z e d  f o r  e ry th romyc in  

c o n c e n t r a t i o n s  on t h e  same day .  

0 
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EFFECT OF SUSPENDING AGENTS 265 

- M e a s u r e m e n t  o f  e r y t h r o m y c i n  

E r y t h r o m y c i n  c o n c e n t r a t i o n s  i n  s e r u m  w e r e  d e t e r -  

m i n e d  m i c r o b i o l o g i c a l l y  b y  an  a g a r - d i f f u s i o n  u s i n g  

m e d i u m  1 ( 4 ) .  S a r c i n a  l u t e a  A T  CC9341 was t h e  t e s t  o r g a n -  

i s m .  E r y t h r o m y c i n  b a s e  USP s t a n d a r d  ( 5 )  was p r e p a r e d  i n  

i d e n t i c a l  f a s h i o n  t o  t h e  t e s t  s p e c i m e n s .  

C a l c u l a t i o n s  

T h e  a r e a - u n d e r - t h e - c u r v e  (AUCo-4h)  was c a l c u l a t e d  

b y  t h e  t r a p e z o i d a l  r u l e .  F o r  s t a t i s t i c a l  a n a l y s i s  p a i r e d  

t - t e s t  was e m p l o y e d .  

RESULTS 

F r o m  t h e  mean s e r u m  c o n c e n t r a t i o n s  shown i n  F i g .  1 

i t  seems t h a t  e r y t h r o m y c i n  e t h y l s u c c i n a t e  i s  r a p i d l y  

a b s o r b e d  f r o m  g a s t r o i n t e s t i n a l  t r a c t .  Maximum s e r u m  

l e v e l s  a r e  a c h i e v e d  i n  1 t o  2 h o u r s .  E l i m i n a t i o n  i s  

a l s o  r a p i d ,  a f t e r  4 h o u r s  n o  t r a c e  o f  e r y t h r o m y c i n  was 

d e t e c t e d  i n  s e r u m .  

T h e  v a r i o u s  f o r m u l a t i o n s  show v e r y  v a r y i n g  c o n c e n -  

t r a t i o n - t i m e  c u r v e s .  A t  1 / 2  a n d  1 h o u r s  t h e  e r y t h r o m y c i n  

c o n c e n t r a t i o n s  o b t a i n e d  w i t h  CMC s u s p e n s i o n  a r e  s i g n i f i -  

c a n t l y  h i g h e r  t h a n  t h o s e  o f  b e n t o n i t e  o r  a g a r  s u s p e n s i o n s  

( p < O . O l  a n d  p c 0 . 0 0 1 ,  r e s p e c t i v e l y ) .  T h e  d i f f e r e n c e s  

become s m a l l e r  w i t h  t i m e  b u t  a r e  s i g n i f i c a n t  ( p c 0 . 0 1 )  

b e t w e e n  a g a r  a n d  CMC s u s p e n s i o n s  a l s o  a t  2 a n d  4 h o u r s .  
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266 KAHELA, HURMERINTA, AND ELFVING 

1/2 1 2 

F I G U R E  1 .  

4 
HOURS 

S E R U M  C O N C E N T R A T I O N S  O F  E R Y T H R O M Y C I N  ( p g / M L + S E )  

A F T E R  O R A L  A D M I N I S T R A T I O N  O F  V A R I O U S  F O R M U L A T I O N S .  

0-0 P+QUEOUS S U S P E N S I O N  

.-.BENTONITE S U S P E N S I O N  A-A A G A R  S U S P E N S I O N  

n-r\ CMC S U S P E N S I O N  

CMC s u s p e n s i o n  seems t o  b e  s u p e r i o r  t o  a q u e o u s  

s u s p e n s i o n  a l t h o u g h  t h e  d i f f e r e n c e s  b e t w e e n  t h e  s e r u m  

c o n c e n t r a t i o n s  a r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  a n y  

p o i n t  o f  d e t e r m i n a t i o n .  
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EFFECT OF SUSPENDING AGENTS 267 

A comparison o f  bentonite and agar suspensions 

shows that they behave quite similarly. Only after half 

an hour there is a slight significant difference (~(0.01) 

in erythromycin concentrations in serum. The AUC values 

(Table 1 )  confirm that the bioavailability of the formu- 

lations varies considerably as the CMC suspension is 

very significantly superior to agar and bentonite 

suspensions (pc0.01). Other comparisons result in only 

slight difference ( p < O . O 5 )  between bentonite and 

aqueous suspensions. 

DISCUSSION 

From the results it seems that CMC is the most 

suitable of the suspending agents studied. It seems 

to even enhance the absorption of erythromycin ethyl- 

succinate. The other excipients, agar and bentonite 

have a detrimental influence o n  the bioavailability 

o f  the antibiotic. 

Since the rheological behaviour of the suspensions 

studied was quite similar, the possible influence o f  

different viscosities on the bioavailability can be 

excluded. Thus, drug-additive interaction may explain 

the results obtained. 

Recently, interactions between CMC and drugs have 

been the subject of rather intensive research work. 
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268 KAHELA, HURMERINTA, AND ELFVING 

S u b j e c t  

L K  

YJ 

R S  

KU 

F1 L 

TS 

P R  

M A  

M K  

LS 

P L  

A V  
- - - - _ _ - - _  
Mean 
+ - S D  

t S E  

TABLE 1 .  

V a l u e s  f o r  D i f f e r e n t  F o r m u l a t i o n s  . 4 h )  

4q .  s u s p .  B e n t o n i t e  A g a r  C M C  

- 0 . 5 4 8  0 . 6 1 8  1 . 1 0 0  

- 0 .735  0 . 5 3 3  1 . 4 8 4  

- 0 . 5 1 4  0 . 9 8 3  2 . 0 2 9  

1 . 2 2 8  0 . 5 6 0  0 . 3 4 9  0 . 8 8 7  

- 1 . 4 6 0  0 . 6 4 6  0 . 7 5 4  

- 0 . 8 5 8  1 . 0 8 8  1 . 3 8 0  

0 . 9 7 0  0 . 7 0 0  0 . 6 1 1  1 . 4 6 2  

- 0 . 1 7 2  0 . 8 2 5  0 . 6 8 2  

- 0 . 5 7 7  0 . 6 2 5  1 . 5 7 2  

- 0 . 4 3 3  0 . 4 9 2  1 . 1 6 2  

0.827 0 . 1 8 0  0 . 4 2 8  0 . 4 9 9  

0 . 7 4 6  0 . 4 1 0  0 . 7 8 7  2 .045 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 9 4 3  0 . 5 9 7  0 .665  1 . 2 5 5  

0 . 2 1 2  0 . 3 4 0  0 .220  0 .500 
0 .106  0 . 0 9 8  0 . 0 6 3  0 . 1 4 4  
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EFFECT OF SUSPENDING AGENTS 269 

A c c o r d i n g  t o  t h e  r e s u l t s  o f  t h e s e  s t u d i e s  t h e  com- 

p l e x i n g  a b i l i t y  o f  t h i s  p o l y e l e c t r o l y t e  i s  d u e  t o  

i o n i c  b i n d i n g  a n d  h y d r o p h o b i c  i n t e r a c t i o n  ( 6 - 9 ) .  T h i s ,  

h o w e v e r ,  d o e s  n o t  e x p l a i n  why CMC i n  o u r  s t u d y  seems t o  

b e  s u p e r i o r  t o  a q u e o u s  s u s p e n s i o n s  b e c a u s e  r e t a r d a t i o n  

o f  d r u g  a b s o r p t i o n  i s  a n o r m a l  c o n s e q u e n c e  i f  a d r u g  

c o m p l e x e s  w i t h  m a c r o m o l e c u l e s .  

H i g u c h i  e t  a l .  h a v e  d e m o n s t r a t e d  t h a t  C M C  e n -  

h a n c e s  t h e  a b s o r p t i o n  o f  d r u g s  s u c h  a s  s o d i u m  s a l i c y l a t e  

a n d  p o t a s s i u m  b e n z y l p e n i c i l l i n  ( 1 0 ) .  T h u s ,  t h e  a b s o r p t i o n  

o f  a n i o n i c  d r u g s  may b e  i n c r e a s e d  by a n i o n i c  p o l y -  

e l e c t r o l y t e s .  

A t  p r e s e n t ,  we do n o t  h a v e  a d e f i n i t e  i d e a  how 

e r y t h r o m y c i n  e t h y l s u c c i n a t e  ( F i g .  2 )  b e h a v e s  i n  t h e  a b o v e  

s y s t e m .  I t  i s  known t h a t  t h e  a m i n o  g r o u p  o f  t h i s  a n t i -  

b i o t i c  may b e  p r o t o n a t e d  a n d  c o m p l e x e d  w i t h  t h e  a n i o n  

o f  C M C  b u t  t h i s  s h o u l d  r e t a r d  d r u g  a b s o r t i o n .  On t h e  

o t h e r  h a n d ,  e r y t h r o m y c i n  e t h y l s u c c i n a t e  m i g h t ,  o w i n g  t o  

i t s  h y d r o x y l  g r o u p s ,  b e h a v e  l i k e  a n  a n i o n  w h i c h  c o u l d  

e x p l a i n  t h e  e n h a n c e d  t r a n s f e r  t h r o u g h  g a s t r o i n t e s t i n a l  

m e m b r a n e s .  

A n o t h e r  e x p l a n a t i o n  i s  t h a t  t h e  w e t t a b i l i t y  o f  

e r y t h r o m y c i n  e t h y l s u c c i n a t e  i s  e n h a n c e d  d u e  t o  t h e  i n t e r -  

a c t i o n .  When t h e  a n t i b i o t i c  p a r t i c l e s  a r e  c o v e r e d  b y  C M C ,  

o r i e n t a t i n g  t h e  h y d r o p h i l i c  m o i e t i e s  t o w a r d s  t h e  s o l u t i o n ,  
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0 0 
II II 

I 

I I 

I 

HC*OH 
CH* CH3 CH3 7 -OH 

CH*O*CO* CH CH*O 

C2H5 CH3 

FIGURE 2. 

THE STRUCTURE OF ERYTHROMYCIN ETHYLSUCCINATE. 

the contact with water becomes enhanced and the disso- 

lution rate increases. 

Practically no information is available in the 

literature on the interaction between drugs and agar. 

This macromolecule is composed of two polysaccharides 

and has an ionic character due to free acidic groups 

in the molecule. The reduced bioavailability of agar 

suspensions might arise from the interaction between 

the protonated amino group of erythromycin ethyl- 

succinate and the sulphuric acid groups o f  the poly- 

electrolyte. Also, hydrophobic interaction could have 

some i nf 1 uence. 

In contrast to agar the literature gives quite a 

good insight into the drug-bentonite interaction. The 
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m a i n  c o m p o n e n t  o f  t h i s  m i n e r a l  i s  m o n t m o r i l l o n i t e ,  

a c o m p l e x  c o l l o i d a l  m a g n e s i u m  a l u m i n i u m  s i l i c a t e  w h i c h  

i s  a b l e  t o  i o n  e x c h a n g e  a n d  h a s  a d s o p t i v e  p r o p e r t i e s .  

I t  i s  a l s o  c a p a b l e  o f  e n t r a p p i n g  o r g a n i c  m o l e c u l e s  

m e c h a n i c a l l y  b e t w e e n  t h e  s i l i c a  l a y e r s  ( 1 1 - 1 5 ) .  I n  m o s t  

c a s e s  t h e  i n t e r a c t i o n  m u s t  b e  c o n s i d e r e d  a s  u n d e s i r a b l e  

b u t  s o m e t i m e s  i t  c o u l d  b e  e m p l o y e d  t o  p r o l o n g  t h e  a c t i o n  

o f  c a t i o n i c  d r u g s  ( 1 6 ) .  

U V  and IF? t e c h n i q u e s  w e r e  u s e d  b y  B e r k h e i m e r  

a n d  A l r i c h  t o  s t u d y  t h e  a d s o r p t i o n  o f  a h e r b i c i d e ,  

3 - a m i n o - 2 , 5 - d i c h l o r b e n z o i c  a c i d ,  t o  b e n t o n i t e  ( 1 4 ) .  

T h e y  c o n c l u d e d  t h a t  t h e  p r o t o n a t i o n  o f  t h e  a m i n o  g r o u p  

a n d  t h e  h y d r o g e n  b o n d  f o r m a t i o n  b e t w e e n  t h e  c a r b o x y l  

g r o u p  a n d  t h e  h y d r a t i o n  w a t e r  l a y e r  o f  t h e  i n t e r l a y e r  

c a t i o n  o f  b e n t o n i t e  a r e  t h e  i n t e r a c t i o n  m e c h a n i s m s .  

A c c o r d i n g l y ,  t h e  a m i n o  g r o u p  o f  e r y t h r o m y c i n  e t h y l -  

s u c c i n a t e  may b e  p r o t o n a t e d  a n d  h y d r o g e n  b o n d e d  t h r o u g h  

i t s  h y d r o x y l  g r o u p s  a t  t h e  m o n t m o r i l l o n i t e  s u r f a c e .  

An i n t e r e s t i n g  way t o  e x p l a i n  t h e  r e d u c e d  b i o -  

a v a i l a b i l i t y  o f  b e n t o n i t e  m i x t u r e  may b e  b a s e d  o n  t h e  

p r o p o s a l  b y  R u p p r e c h t  ( 1 5 ) ,  t h a t  c o d e i n e ,  i n  a q u e o u s  

m i l i e u ,  i s  a n t r a p p e d  m e c h a n i c a l l y  b y  b e n t o n i t e .  T h e r e  

i s  a l s o  v a n  d e r  W a a l s '  i n t e r a c t i o n  b e t w e e n  t h e  p r o -  

t o n a t e d  a m i n o  g r o u p  a n d  t h e  n e g a t i v e l y  c h a r g e d  c e n t e r s  

o f  t h e  s i l i c a  l a y e r ,  h y d r o g e n  b o n d s  t h r o u g h  t h e  h y d r -  

o x y l  a n d  a m i n o  g r o u p s  t o  t h e  o x y g e n  a t o m s  a n d ,  f i n a l l y ,  
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t h e  methoxy g r o u p  o f  c o d e i n e  i s  s u i t a b l y  l a r g e  i n  s i z e  

t o  f i t  i n t o  t h e  c a v i t i e s  o f  t h e  s i l i c a  l a y e r s .  T h e s e  

c a v i t i e s  a r e  a r e s u l t  o f  t h e  s t r u c t u r e  o f  t h e  ( S i A 1 ) 0 4  

t e t r a h e d r o n s .  B e c a u s e  e r y t h r o m y c i n  e t h y l s u c c i n a t e  

m o l e c u l e  h a s  e x a c t l y  t h e  same g r o u p i n g s  - a m i n o ,  h y d r -  

o x y l  and methoxy g r o u p s  ( F i g .  2 )  - i t  i s  t e m p t i n g  

t o  e x p l a i n  t h e  o b s e r v e d  i n t e r a c t i o n  s i m i l a r l y .  

U n f o r t u n a t e l y ,  we h a v e ,  a t  t h e  moment,  no r e s u l t s  

o f  i n - v j t r ~  e x p e r i m e n t s  t o  e v a l u a t e  t h e  b i n d i n g  mecha- 

n i sms  and  c a p a c i t i e s  o f  t h e  e x c i p i e n t s  b u t  s u c h  e x p e r i -  

men t s  a r e  i n  p r o g r e s s .  

Wha teve r  t h e  mechan i sms  o f  i n t e r a c t i o n ,  t h e  p r e s e n t  

i n v e s t i g a t i o n  d e m o n s t r a t e s  t h e  u n d e s i r a b l e  e f f e c t s  

of  b e n t o n i t e  and  a g a r  on t h e  b i o a v a i l a b i l i t y  o f  e r y t h r o -  

mycin e t h y l s u c c i n a t e  mix tures  a n d ,  on t h e  o t h e r  h a n d ,  

t h a t  t h i s  p r o p e r t y  o f  o r a l  s u s p e n s i o n s  m i g h t  be  improved  

by p r o p e r  c h o i c e  of s u s p e n d i n g  a g e n t s .  
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